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Summary - Extracts from white, living, intact females of Helerodera schachtii were prepared with either n-hexane, ethyl acerate,
methylene chloride, methanol, or water. All extracts showed sex pheromone activity for males in a biotest system. Enzymes acting On
peptides did not diminish male amaction to aqueous extracts from females, and vanillic acid, a substance with sex pheromone
activity for males of H. glycines, did not amact H. schachtii males. Aqueous extracts from female gelatinous matrices showed
amactivity for males.
Réswné - Étude de substances à activité phéromonale produites par les femelles d'Heterodera schachtü. Des extraits
de femelles blanches, vivantes et intactes d'Heterodera schachtii sont préparés à l'aide de n-hexane, acétate d'éthyle, chlorure de
méthyléne, méthanol et eau. Un test biologique démontre l'activité phéromonale de l'ensemble des extraits. Les enzymes actives
envers les peptides ne diminuent pas l'attraction des mâles vers les extraits aqueux des femelJes; l'acide vanillique, qui a montré une
activité phéromonale envers les mâles de H. glycines, n'attire pas ceux de H. schachtii. Les extraits de la substance gélatineuse
produite par les femelles se sont révélés amactifs envers les mâles.
Key-words : Nematodes, Heterodera, sex amactivity, pheromones.
Males of amphimictic nematode species find their fe-
males by perceiving female sex pheromone gradients
(e.g. Green, 1980; Haseeb & Fried, 1988). In contrast to
most insects, where pheromones are released into the
air, those of nematodes are released into an aqueous
envirorunent. The small size of plant-parasitic nema-
todes and the unknown pheromone origin restricted ad-
vances in the characterization of nematode pheromones.
Recently, however, Jaffe et al. (1989) identified for the
first time a substance, vanillic acid, from females of
Heterodera glycines with sex pheromone activity for
males. Green and Greet (1972) suggested that the sex
pheromones of Heterodera scha.chtii and of Globodera ros-
tochiensis are released through the cuticle. According to
Clarke et al. (1976), the sex pheromone of G. rosLOchien-
sis is soluble in water but not in most common organic
solvents. Results from interspecies experiments have al-
so shown that H. glycines and H. schachtii share common
sex attractants (Green & Plumb, 1970). The chemical
nature and properties of sex pheromones released by
H. schachtii females are still unknown.
This paper reports the results of attempts made under
laboratory conditions to determine i) the solubility of the
unidentified female sex pheromonal substances of
H. schachtii in solvents of different polarity, il) their reac-
tion to enzymes acting on peptides, iii) the possible raie
of vanillic acid as a sex attractant for H. schachtii males,
and iv) the possible function of the vulval opening as a
site of release of these substances.
Materia1s and m.ethods
NEMATODE CULTURES
Freshly emerged males of H. scha.chtii were obtained
from monoxenic root cultures (Wyss & Zunke, 1986) of
oil.radish, Raphanus sativus var. olezformis cv. Pegletta
(Saatzucht P. H. Petersen, Lundsgaard, Germany). In
this resistant cultivar nearly ail nematodes develop into
males. H. schachtii females were obtained from monox-
enic root cultures of mustard, Sinapis alba, cv. Albatros
(Saatzucht P. H. Petersen) as host plant. The cultures
were grown in the dark at 25 ± 2 oC in a nutrient agar
medium (one fifth concentration) according to Knop
(1865), supplemented with 2 % sucrose and Gamborg's
vitamin solution (Sigma, Deisenhofen, Germany) in
9 cm (oilradish) or 14.5 cm diameter (mustard) plastic
Petri dishes.
EXTRACTION OF PHEROMONAL SUBSTANCES FROM
FEMALES AND GELATlNOUS MATRICES
Water extracts from females were obtained by trans-
ferring 30 white, living, intact H. schachtii females into a
" Permanent address " Plant Protection Department, Faculty of Agriculture, ZagazIg University, Zagazig, Egypt.
ISSN 1164-5571/92/04/43 04 S 2.401 CD Gauthier- Villars - ORSTOM 43
J. Aumann & M. Hashem
1.5 ml microcentrifuge tube, containing 0.5 ml of ultra-
pure water (Merck, Darmstadt, Gennany). The females
sank to the bottom of the tube. They were then in-
cubated at 4-6 oC and the supernatant was used 2-
18 days later.
Water extracts from gelatinous matrices, removed
from white, living females with their hind ends above the
agar surface, were obtained by incubating 12 matrices
for 2 days at 4-6 oC in 200 IJ..! ultrapure water. Water
extracts from females from which the gelatinous matric-
es had been removed were compared with the extracts
from gelatinous matrices.
Solvent extracts from females were obtained by in-
cubating twelve white, intact females for 22 h in 200 IJ..!
n-hexane, ethyl acetate, methylene chloride, methanol, or
ultrapure water (ail from Merck; the polarity increases
from n-hexane ta water) at 4-6 oc. Solvents without
females served as controls.
ENZYME TREATMENTS OF FEMALE EXTRACTS
The supernatants of aqueous extracts from females
were incubated for 20.5 h at 37 oC with 10 mg/ml pro-
nase or with 125 U/ml cytosolic leucine aminopeptidase
(both from Sigma). Supernatants of aqueous extracts
from females and enzyme solutions alone served as con-
troIs.
VANILLIC ACID TREATMENTS
Vanillic acid (Sigma) was solubilized in a concentra-
tion of 1 mmolll in acetone (Merck). A 1 %, 0.1 %, or
0.01 % solution of this stock solution in distilled water
(final vanillic acid concentration 10 f..I..molll, 1 f..I..molll, or
100 nmolll, respectively) was used in the bioassay. Wa-
ter extracts from females were used as controls.
BIOASSAY SYSTEM
The attractiveness for H. schachlii males of the solu-
tions obtained as described above was tested in a bioas-
say system. The bioassay was perfonned in sterile 6 cm
diameter plastic Petri dishes, coated with 1.5 ml of 1.5 %
(w/v) autoclaved agarose (Type l, Sigma) in glass-dis-
tilled water. Eight J..lI of the aqueous test solutions were
pipetted onto a 5 mm diameter fùter-paper disk (eut
from paper no. 595, Schleicher & Schuell, Dassel, Ger-
many) placed on the agarose surface in the centre of the
Petri dish. Eight f..I..l of the organic solvent extracts and
solvent controls were pipetted also onto 5 mm diameter
filter-paper disks. After solvent evaporation, the fùter-
paper disks were transferred onto the agarose surface,
and 8 f..I..l of ultrapure water were added. Ail test solutions
were allowed ta diffuse into the agarose for 3 h before
the males were added ta the plates. A 7.5 mm radius
circle with its centre in the centre of the fùter-paper disk
was marked on the bottom of the Petri dish; the distance
between the circle and the paper margin was thus 5 mm.
Three males were transferred per Petri dish with a fine
needle equidistantly onto the agarose above the circle.
Table I. Effects of different solvent extracts and enzymatically treated water extracts from Heterodera schachlii females on males.
Their behaviour tawards the test solutions was observed
after 10, 30, 60, 90, and 120 min with the aid of a
stereo-microscope. The number of males that had con-
tacted the fùter paper disk at each given rime was rec-
orded. The bioassays were performed four to five rimes
with a total of 60 (water extracts from females and their
gelatinous matrices), 18 (extracts from females with dif-
ferent solvents), 28 (enzymatically treated extracts from
females), and 18-20 (vanillic acid experiments) Petri
dishes per treatment. The results were statistically ana-
Iyzed with the Chi-square test with Yates correction.
Results
Table 1 shows that the extraets from H. schachtii fe-
males with n-hexane, ethyl acetate, methylene chloride,
methanol, and water attracted significantly more males
than the corresponding solvent controls from IOta
120 min after beginning of the test. The highest male
attraction rates of the solvent controis were found after
90 min with water (5.7 %), n-hexane (5.6 %) and ethyl
acetate (5.6 %). The methylene chloride extracts
showed the highest attraction rates of the solvents tested
(70.4 % after 90 min).
Water extracts from females incubated with pronase
and leucine aminopeptidase attracted significantly more
males than the enzyme controls at every observation
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time (Table 1). ln tests with pronase the highest attrac-
tion rates were 71.4 % (90 min after beginning of the
test) and 10.7 % for the corresponding enzyme controis
(10 min). In tests with leucine aminopeptidase attrac-
tion rates reached 83.3 % (60 and 90 min) and 10.7 %
for the enzyme controls (30 min).
When compared with the water extracts, vanillic acid
had no attraction effects (Table 2). From 30 to 120 min
after beginning of the test, the lack of attraction to vanil-
lic acid treatments compared with the attraction to ex-
tracts from females were highly significant. With the
exception of 1 IJ-moVl vanillic acid, no significant differ-
ences were noted at the first observation rime.
Table 2 further shows that the percentage of males
attracted by gelatinous matrices and extracts from fe-
males from which the matrices had been removed did
not differ. The attraction percentages for extracts from
females ranged from 10.6 % to 43.3 % with a maximum
90 min after the beginning of the test. The correspond-
ing percentages for the extracts from gelatinous matrices
ranged from 13.3 % ta 42.2 % with a maximum at the
end of the test.
Discussion
This study shows that the substances with sex phero-
mone activity produced by H. schachtii females are pre-
Table 2. Comparison of the effects of vanillic acid and water extracts from Helerodera schachlii females and of water extracts from
females and their gelatinous matrices on males.
Treaunem Males Mobile Males II~th filter-paper contact, rime (min)
lesied males
10 30 60 90 120
Vanillic acid, 100 nmolll 60 60 (3.3 %) ns (U %) ... 1 (1.7 %) •• 1 (1.7%P" (5%) **.
Waler extracl from females 60 60 9 (15 %) ns 18 (30%) '*. 29 (48.3 %)'" 40 (66.7 %) .... 36 (60%) ...
Vanillic acid, 1~molll 60 60 (8.3 %) ••• (6. % d' 1 (1.7%)'" (3.3%)' * (6.7%) ...
Waler extraCI from females 60 60 29 (48.3 %)'" 38 (63.3 %) ••• 44 (73.3 %)" 48 (80%)"· 40 (66.7 %) *"
Vanillic acid. 10 ~moVl 54 54 2 (3. %) ns 4 (7.4 %) ••• 3 (5.6%)'" (9.3 %) ••, 5 (9.3 %) *"
Waler extraCI from females 54 54 9 (16.7 %) ns 23 (42.6 %) .~ 28 (51.9%)'" 29 (53.7%)'" 32 (SC,J %) •••
Water extrac[ from females lvithoUl gelatinous
mauices 180 180 19 (l0.6%)ns 59 (328 %) ns 73 (40.6 %) ns 78 (43.3 %) ns 74 (41.1 %) ns
Waler extraCl &om gelatinous mauices 180 180 24 (133 %) ns 5J (28.3 %) ns 60 (33.3 %) ns 68 (378 %) ns 76 (42.2 %) ns
ns =no significant difference (P '" 0.05); *** =P < 0.001; according ro the Chi-square rest with Vares correction.
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sent in extracts from females wim n-hexane, emyl ace-
tate, memylene chloride, memanol, and water (Table 1),
indicating mat mese substances possess bom polar and
apolar properties. In contrast to mese results, Clarke et
al. (1976) found a high water solubility but insolubiJity
in most common organic solvents for me sex phero-
mone of G. rostochiensis. A substance wim sex phero-
mone activity from females of H. glycines, vanillic acid
(Jaffe el al., 1989), is soluble bom in water and in alco-
hols and emer (Budavari, 1989) in concentrations mat
attracted males in me bioassay system used by mese
aumors. Bone (1986) found two fractions of me H. gly-
cines pheromone mat were soluble in water and mema-
nol, respectively.
According to Bone et al. (1980), me sex pheromone of
Nippostrongylus brasilzensis is a long-chain polypeptide.
Our fïndings (Table 1) indicate mat me sex pheromonal
substances from H. schachtii are not polypeptides be-
cause omerwise pronase and leucine aminopeptidase
should have reduced meir concentrations in me extracts
from females. The observation that enzyme-treated ex-
tracts from females always attracted more males than
extracts from females without enzymes (not statistically
analyzed) may be explained by the fïnding of Huetrel
and Jaffe (1987) that males of H. glycines were attracted
by several amino acids. In our experiments the enzymat-
ic incubation of extracts from females may have liber-
ated amino acids attracting H. schachtii males from fe-
male proteins mat were solubilized during incubation.
Furthermore the experiments show a remarkable tem-
perature stability of the H. schachtii sex pheromonal
substances. As mentioned above they remained attrac-
tive both after 20.5 h at 37 oC and after 18 days at
4-6 oc. These fïndings are supported by Green and
Plumb (1970) who found mat the sex attractants of
several Heterodera species, including H. schachliz~ re-
mained attractive when stored for several months at
5 oc.
From interspecies experiments with cyst nematodes
Green and Plumb (1970) suggested that H. glycines and
H. schachlii share conunon sex pheromone components.
Jaffe el al. (1989) identifïed vanillic acid as a substance
with sex pheromone activity for H. glycines males. The
present study shows that vanillic acid in concentrations
of 10 f.Lmol/l, 1 f.Lmol/l, and 100 nmol/l, was not attrac-
tive for H. schachtii males (Table 2). Vanillic acid may
therefore not be a long range sex pheromone of
H. schachlii.
According to Green and Greet (1972), the sex phero-
mone of H. schachlii is released all over the body with a
higher portion in the posterior than in the anterior re-
gion. From the data in this study (Table 2), the gela-
tinous matrix released through the vulval opening obvi-
46
ously acts as an attractant carrier. The apolar nature of
the sex pheromonal substances (Table 1) does not argue
against a release through the cuticle but the high attrac-
tivity of the gelatinous matrix extract and its relatively
small size compared to me female body point to me
vulval opening as me main site of release.
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